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(54) COLD TOOL STEEL EXCELLENT IN MACH INABILITY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce cold tool steel excellent in machinability as- 
annealed at about 90 to 105 HRB and also excellent in machinability even in a hardness 
region in which hardness after quenching and tempering is about 45 to 55 HRC. 
SOLUTION: This cold tool steel excellent in machinability has a composition containing, by 
weight, 0.3 to 0.6% C, 0.2 to 3.0% Si, 0.2 to 3.0% Mn, <4.0% Ni, 1.0 to 4.0% Cr, Mo and W 
alone or in combination so as to satisfy 2Mo+W: 0.2 to 8.0%, 0.05 to 2.0% V and 0.050 to 
0.4% S, and the balance Fe, in which the total content of carbides is <8%, and the content of 
fine carbides with the particle size of <0.5 urn lies in the range of 0.3 to 3%. 
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[Claim(s)] 

[Claim 1] The C:0.3 - 0.6% (below the same) at weight %, Si:0.2-3.0%, Mn: 0.2-3.0%, less than 
[ nickel:4.0% ], Cr:l. 0-4.0%, 2 Mo+W:0.2-8.0%, V:0.05 - 2.0%, and S:0.050 - 0.4% are contained for 
Mo and W by independent or compound. Tool steel between the colds with which the remainder is Fe 
substantially and the total amount of a brown coal ghost excelled [ particle size ] in the machinability 
characterized by being the range whose detailed amount of carbide of 0.5 micrometers or less is 0.3 - 3% 
8% or less. 

[Claim 2] C:0.3 - 0.6%, Si:0.2-3.0%, Mn:0.2-3.0%, Mo and W by independent or compound less than 
[ nickel:4.0% ] and Cr: 1.0-4.0% 2 Mo+W:0.2-8.0%, V:0.05 - 2.0% and S:0.050 - 0.4% are contained. 
Further Nb:0.02-2.0%, Ta: Tool steel between the colds with which one sort (0.02-2.0% and Ti:0.01- 
2.0%) or two sorts or more are contained, the remainder is Fe substantially, and the total amount of a 
brown coal ghost excelled [ particle size ] in the machinability characterized by being the range whose 
detailed amount of carbide of 0.5 micrometers or less is 0.3 - 3% 8% or less. 

[Claim 3] C:0.3 - 0.6%, Si:0.2-3.0%, Mn:0.2-3.0%, Mo and W by independent or compound less than 
[ nickel:4.0% ] and Cr: 1.0-4.0% 2 Mo+W:0.2-8.0%, V:0.05 - 2.0% and S:0.050 - 0.4% are contained. 
Further calcium:0.0002-0.02%, One sort (Te:0.005-0.05%, Pb:0.05-0.50%, Se:0.02-0.20%, and 
Bi:0.015-0.15%) or two sorts or more are contained. Tool steel between the colds with which the 
remainder is Fe substantially and the total amount of a brown coal ghost excelled [ particle size ] in the 
machinability characterized by being the range whose detailed amount of carbide of 0.5 micrometers or 
less is 0.3 - 3% 8% or less. 

[Claim 4] C:0.3 - 0.6%, Si:0.2-3.0%, Mn:0.2-3.0%, Mo and W by independent or compound less than 
[ nickel:4.0% ] and Cr: 1.0-4.0% 2 Mo+W:0.2-8.0%, V:0.05 - 2.0% and S:0.050 - 0.4% are contained. 
Further Nb:0.02-2.0%, One sort (Ta:0.02-2.0% and Ti:0.01-2.0%) or two sorts or more are contained. 
Moreover, calcium:0.0002-0.02%, Te:0.005-0.05%, One sort (Pb:0.05-0.50%, Se:0.02-0.20%, and 
Bi:0.015-0.15%) or two sorts or more are contained. Tool steel between the colds with which the 
remainder is Fe substantially and the total amount of a brown coal ghost excelled [ particle size ] in the 
machinability characterized by being the range whose detailed amount of carbide of 0.5 micrometers or 
less is 0.3 - 3% 8% or less. 

[Claim 5] Tool steel between the colds excellent in the machinability of claim 1 characterized by the 
application of the tool steel between the colds excellent in the above-mentioned machinability being an 
object for pre HADON processible in the state of pre HADON of 45 or more-HRC hardness - claim 4 
given in any 1 term. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the tool steel between the colds excellent in the 

machinability used in the state of pre HADON etc. 

[0002] 

[Description of the Prior Art] Tools between the colds, such as the former and a press die, are JIS. 
SKD1 1 (% [ C:1.40 - 1.60 ], less than [ Si:0.40% ], less than [ Mn:0.6% ],% [ P:0.030 / or less ],% 
[ S:0.030 / or less ], Cr:l 1.00-13.00%, Mo:0.80-1.20%,% [ V:0.20 - 0.50 ], and the remainder are Fe) 
was used. However, machinability is bad, since C content is still higher, weldability is bad, and the 
workability after hardening annealing is also bad, namely, since this steel of SKD1 1 has high C content 
and annealing hardness is high, in order to make hardness high, low-temperature annealing is carried 
out, but since many austenites remain, there is a trouble that a crack occurs by the electron discharge 
method. 

[0003] As steel for the metal mold between the colds which has improved the fault of the steel of the 
above SKD11, C:0.9 - 1.3%, Si: 0.5-2.0%, Mn:0.1-2.0%, Cr:5.0-11.0%, Mo:1.3-4.0% and V:0.10 - 
0.35% are contained. Furthermore, one sort (less than [ Pb:0.4% ], less than [ Bi:0.50% ], and 
calcium:0.002-0.010%) or two sorts or more are contained S:0.20% or less if needed, and the die steel 
between the colds (Japanese Patent Publication No. 64-No. 5100 official report) with which the 
remainder consists of Fe substantially is known. 

[0004] After this steel for the metal mold between the colds hardens at an elevated temperature, by 
annealing at an elevated temperature While the residual stress at the time of hardening is removed and 
an organization stabilizes, secondary hardening hardness increases. Both hardness and toughness are 
excellent, also when galling at the time of the use as a tool is not caused and heat arises in a tool from an 
electron discharge method etc., a crack is not produced, a tool life is extended, and workability comes to 
improve sharply. However, it has the trouble that weldability is not enough, either while processing 
which corrects the deformation after hardening annealing is difficult for this steel for the metal mold 
between the colds, since the machinability after annealing is bad and the hardness (about 62 HRC) after 
hardening annealing also has it. [ too high ] 

[0005] this invention persons Then, C:0.70 - 0.80%, Si:0. 10-0.60%, Mn: 0.10-1.00%, less than 
[ nickel:4.0% ], Cr:6.50-7.50%, Mo and W by independent or compound 2 Mo+W: 1.00-3.00%, S:0.03 - 
0.40%, calcium:0.0002-0.02% and 0:0.0002 - 0.02% are contained. Furthermore, one sort (V:0.05 - 
3.0%, Nb:0.02-2.0%, and Ta:0.02-2.0%) or two sorts or more are contained if needed. Moreover, 1 of 
Te:0.01-0.06%, Pb:0.03-0.10%, and Bi:0.02-0.10% of sorts and two sorts or more are contained if 
needed. The remainder invented and carried out patent application of the steel for the metal mold 
between the colds which consists of Fe and an unescapable impurity (Japanese Patent Application No. 
10-No. 368852). 

[0006] Since the hardness after hardening annealing was about (annealing hardness is about 95 HRB) 56 
to 62 HRC, it was suitable for manufacturing the metal mold for carrying out cold working of a lot of 
products etc., but since it was hard, machine cutting was a little difficult for this steel for the metal mold 
between the colds. Since such high hardness like this did not have the need when tools, such as metal 
mold for carrying out cold working of the little product, were manufactured, the softer tool steel between 
the colds with sufficient machinability was called for. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention makes it the technical problem to offer the 
tool steel between the colds is excellent in machinability with the condition of about 90 to 105-HRB 
annealing, and the hardness after hardening annealing excelled [ tool steel ] the thing of the above- 
mentioned patent application in machinability also in the about 45 to 55-HRC low hardness field. 
[0008] 

[Means for Solving the Problem] While this invention persons lessen C content and make the total 
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amount of a brown coal ghost 8% or less from the above-mentioned thing when it is inquiring about an 
amount, magnitude, etc. of the component presentation of the tool steel between the colds, and carbide 
in order to solve the above-mentioned technical problem When particle size made detailed carbide 0.5 
micrometers or less 0.3 - 3%, the annealing hardness of the tool steel between the colds acquired 
knowledge that the hardness after hardening annealing is set to about 45 to 55 HRC by about 95 to 105 
HRB. This invention is invented based on the above-mentioned knowledge. 

[0009] Namely, it sets to the tool steel between the colds excellent in the machinability of this invention. 
C:0.3 - 0.6%, Si:0.2-3.0%, Mn:0.2-3.0%, Mo and W by independent or compound less than 
[ nickel:4.0% ] and Cr: 1.0-4.0% 2 Mo+W:0.2-8.0%, V:0.05 - 2.0% and S:0.050 - 0.4% are contained, 
the remainder is Fe substantially, and the total amount of a brown coal ghost is that the detailed amount . 
of carbide of 0.5 micrometers or less shall have particle size in the range which is 0.3 - 3% 8% or less. 
[0010] Moreover, it sets to the tool steel between the colds excellent in the machinability of this 
invention. C:0.3 - 0.6%, Si:0.2-3.0%, Mn:0.2-3.0%, Mo and W by independent or compound less than 
[ nickel:4.0% ] and Cr: 1.0-4.0% 2 Mo+W:0.2-8.0%, V:0.05 - 2.0% and S:0.050 - 0.4% are contained, 
and the need is accepted further. Nb:0.02-2.0%, One sort (Ta:0.02-2.0% and Ti:0.01-2.0%) or two sorts 
or more are contained. The need is accepted. Moreover, calcium:0.0002-0.02%, Te:0.005-0.05%, One 
sort (Pb:0.05-0.50%, Se:0.02-0.20%, and Bi:0.015-0.15%) or two sorts or more are contained. The 
remainder is Fe substantially and the total amount of a brown coal ghost is that particle size shall be the 
range whose detailed amount of carbide of 0.5 micrometers or less is 0.3 - 3% 8% or less. 
[001 1] Moreover, are 45 or more HRC(s) and an application is in the pre HADON condition for pre 
HADON of 55 or less-HRC hardness, i.e., the object which can process it in the state of hardening 
annealing, preferably in the tool steel between the colds excellent in the machinability of this invention. 
[0012] 

[Function] Next, the reason which limited a component presentation and hardness of the tool steel 
between the colds excellent in the machinability of this invention as mentioned above is explained. 
Since machinability is fallen while are the element made to contain in order for annealing to generate 
secondary carbide and to secure abrasion resistance, while C raises the hardness of a base C:0.3 to 0.6%, 
required hardness is not securable if fewer than 0.3%, and it will become the cause of generation of big 
and rough primary carbide if it is made to contain mostly from 0.6%, and falling toughness, the content 
is made into 0.3 - 0.6%. 

[0013] Si: Si improves a pearlite and bainite hardenability 0.2 to 3.0%, it is the element made to contain 
in order to increase tempering hardness, when fewer than 0.2%, those effectiveness does not exist, and 
since toughness will fall if it is made to contain exceeding 3.0%, make the content into 0.2 - 3.0%. 
Mn: Since it will become the cause of retained austenite generation and toughness will also fall if Mn 
improves a pearlite and bainite hardenability 0.2 to 3.0%, it is the element made to contain in order to 
make MnS generate, the amount of generation of MnS can decrease and machinability cannot be raised, 
if fewer than 0.2%, and it is made to contain exceeding 3.0%, carry out the content range 0.2 to 3.0%. 
[0014] nickel: Less than [ 4.0% ] (0% is not included) 

Since it is the element made to contain in order to raise hardenability, it will become difficult for 
retained austenite to increase and to secure required hardness if it exceeds 4.0%, and toughness also 
falls, nickel makes the content 4.0% or less. 

Cr: 1.0-4.0%Cf is the element made to contain in order to raise hardenability, and since it will fall 
machinability when the carbide of a high degree of hardness increases in number if the effectiveness is 
small when there is than 1.0%, and it exceeds 4.0%, it makes the content Cr: 1.0-4.0%. [ less ] 
[0015] 2Mo+W: - since it is the element made to contain in order for Mo and W to improve bainite- 
hardening nature and to make tempering hardness high 0.2 to 8.0%, the primary carbide of difficulty 
dissolution will increase, hardening temperature will be gone up, if the 2nd order cannot be stiffened by 
raising bainite-hardening nature and annealing if fewer than 0.2%, and it exceeds 8.0%, and toughness is 
fallen, the content is made into 0.2 - 8.0%. 

It is the element made to contain in order to raise machinability, if fewer than 0.05%, machinability will 
not be improved, but since S:0.05 - 0.4%S will fall toughness, hardness, and hot- working nature if it 
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exceeds 0.4%, it makes the content 0.05 - 0.4%. 

[0016] Since artificial tempering is carried out and hardness is improved, are the element made to 
contain in order to prevent big and rough-ization of crystal grain, such effectiveness does not exist when 
fewer than 0.05%, the primary carbide of difficulty dissolution will increase if it exceeds 2.0%, and 
V:0.05 - 2.0%V goes up hardening temperature and falls toughness and machinability, it makes the 
content 0.05 - 2.0%. 

In order that Nb, and Ta and Ti may control grain growth Ti:0.01 to 2.0% Nb and Ta:0.02-2.0%, it is a 
content ****** element, and 0.02%, since there is no grain growth depressor effect when fewer than 
0.1%, the primary carbide of difficulty dissolution will increase if it exceeds 2.0%, hardening 
temperature is gone up and Nb and Ta fall toughness and machinability, Ti makes the content 0.02 - 
2.0%. 

[0017] calcium: It is the element made to contain in order to raise machinability, while distributing MnS 
uniformly minutely and controlling degradation of toughness by calcium's dissolving to MnS 0.0002 to 
0.02%, and becoming the nucleus of MnS as an oxide, when fewer than 0.0002%, this effectiveness 
does not exist, and since toughness will fall if it exceeds 0.02%, make that content into 0.0002 - 0.02%. 
[0018] Te: It is the element made to contain in order for Te to form MnTe 0.005 to 0.05% and to raise 
machinability, when fewer than 0.005%, this effectiveness does not exist, and since toughness and hot- 
working nature will fall if it exceeds 0.05%, make that content range into 0.05 - 0.05%. 
Pb: 0.05-0.50%Pb is the element made to contain in order to raise machinability, when there is than 
0.05%, it does not have the effectiveness, and since it will fall the impact nature between heat if it 
exceeds 0.50%, it makes the content 0.05 - 0.50%. [ less ] 

[0019] Se: It is the element made to contain in order that Se may raise machinability 0.02 to 0.20%, 
when fewer than 0.01%, this effectiveness does not exist, and since toughness will be fallen if it exceeds 
0.20%, make that content into 0.02 - 0.20%. 

Bi: 0.01 5-0. 15%Bi is the element made to contain in order to raise machinability, when there is than 
0.015%, it does not have this effectiveness, and since it will fall toughness if it exceeds 0.15%, it makes 
that content 0.01 - 0.10%. [ less ] 

[0020] Next, the reason which limited the amount of the carbide of carbide in this invention is 
explained. The total amount of carbide was made 8% or less because machinability would fall, if the 
total amount of carbide exceeded 8%. Furthermore, it is because the hardness after hardening annealing 
will not be set to 45 or more HRC(s) if there is that particle size made [ less ] the detailed amount of 
carbide of 0.5 micrometers or less 0.3% or more than 0.3%, and is because machinability will fall if it 
exceeds 3%. 

[0021] Moreover, in this invention, it is because it will not become hardness required for tools between 
the colds, such as metal mold, if it is lower than HRC45 to set temper of hardening annealing to 45 or 
more HRC(s). Moreover, since processing by machine cutting for making it products, such as metal 
mold, will become difficult if hardness becomes high too much, it is desirable to make it 55 or less 
HRC. In order to make it this hardness, it can attain by carrying out air cooling, after heating at 800- 
1000 degrees C, and carrying out air cooling at 400 degrees C - 650 degrees C after that. 
[0022] The tool steel between the colds excellent in the machinability of this invention can be used like 
the application of the tool steel between a certain colds from the former, such as a press die, a bending 
die, a cutting die, a drawing die, a die, punch, and rolled dies. Moreover, the tool steel between the colds 
excellent in the machinability of this invention processes machining etc. into metal mold etc. in the 
condition of could use machining etc. for metal mold etc. in the state of pre HADON, having processed 
it into it, and having annealed, and carries out hardening annealing after that, and it can also be used for 
it, finish-machining it after that. 
[0023] 

[Embodiment of the Invention] Hereafter, an example explains this invention. 
[Example] The steel of the example of this invention of the component presentation shown in the 
example 1 following table 1 and the example of a comparison was ingoted by the usual approach using 
the high frequency induction furnace, it was made the ingot by the usual casting approach, and steel 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/11/2006 



JP,2001-123247,A [DETAILED DESCRIPTION] 



Page 4 of 6 



materials were manufactured by the after that usual processing approach. After carrying out balling-up 
annealing for the steel materials of these examples and the example of a comparison on condition that 
830 degree-Cx3hr, the piece of a hardness test, the test piece for electrolytic extraction, and the 
machinability test piece were cut off, these test pieces were roughed and it considered as the roughing 
test piece, and hardening and annealing were carried out so that hardness might be set to HRC 45-55 on 
condition that the following table 2 publication. Hardness is measured using the piece of a hardness test 
of these test pieces, and the result is shown in the following table 2. 

[0024] Moreover, energy processing of the test piece for electrolytic extraction and machinability test 
piece which carried out the above-mentioned hardening and annealing is carried out, it considers as the 
test piece for electrolytic extraction with a 10mm[ in width-of-face / of 10mm / x thickness ] x die length 
of 10mm, and a machinability test piece with a 40mm[ in width-of-face / of 50mm / x thickness ] x die 
length of 200mm, the total amount of the carbide by the following test method, a particle-size- 
distribution trial, and a cutting-tool life are measured, and it is shown in the following table 2. 
[0025] It electrolyzed by the total amount trial following electrolytic condition of carbide, the weight of 
extract residue was measured, and it considered as the total amount of carbide, and expressed with 
weight %. 

electrolytic-solution: - 0.5-N hydrochloric-acid + citric acid current density: - 10 mA/cm2 electrical- 
potential-difference: - particle size distribution were measured for the 0.5V particle-size-distribution 
test above-mentioned extract residue with the laser type dispersion distribution measuring instrument, 
and it asked for weight % with a particle size of 0.5 micrometers or less from the result. 
[0026] Example No.of comparison 13 which are the ingredient which cuts by the cutting-tool life 
following cutting conditions, measures the cutting die length until flank wear is set to 0.3mm, and does 
not contain S and calcium It expressed with the characteristic, having used the thing as 100. 
tool: - a superhard end mill (UTi20T) and 1 cutting-edge width-of-cut:4.0mm cutting depth: - 1.0mm 
cutting speed: - 100 m/min Delivery: [0.035mm / cutting-edge cutting oil: - dry type - 0027] 
[Table 1] 
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[0029] Although balling-up annealing of the steel materials of the example of this invention 
manufactured in the example 2 above-mentioned example 1 and the example of a comparison was 
carried out, it is an example of this invention. It reaches No. 1 . It is an example of a comparison to No.6 
list. It reaches No. 13. The piece of a hardness test, the test piece for electrolytic extraction, and the 
machinability test piece were cut out from No. 14, these test pieces were roughed, and it considered as 
the roughing test piece. Hardness is measured using the piece of a hardness test which roughed, and the 
result is shown in the following table 3. Moreover, energy processing is carried out for the test piece for 
electrolytic extraction and machinability test piece which carried out the above-mentioned roughing to 
the same magnitude as the thing of the above-mentioned example 1, the total amount of the carbide by 
the above-mentioned test method, a particle-size-distribution trial, and a cutting-tool life are measured 
by the same approach as the above-mentioned example 1, and it is shown in the following table 3. 
[0030] 
[Table 31 
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[0031] According to these results, for the thing of the example of this invention, the cutting-tool life 
after hardening annealing is an example of a comparison. It was 121-218, having used as 100 the thing 
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of No. 13 (in the point which does not contain V, and a point with many total amounts of carbide, it 
differs from this invention.). Moreover, for the thing of the example of this invention, although 
annealed, a cutting-tool life is an example of a comparison. It was 185 and 223, having used the thing of 
No. 13 as 100. On the other hand, the hardness of the thing after hardening annealing of the example of a 
comparison of the cutting-tool life of the thing of the range of HRC 45-55 was 18-100. moreover, the 
thing of the example of a comparison - having annealed » although — a cutting-tool life — example of a 
comparison It was 100 and 88, having used the thing of No. 13 as 100. 

[0032] Furthermore, if the thing of the example of a comparison is examined, as for each of things of 
example No.of comparison 13-17 which have more total amounts of carbide than this invention, the 
cutting-tool life is short from the thing of the example of this invention. Although the thing of example 
No.of comparison 15 of these had C content comparable as this invention, since there were more Cr 
contents than this invention and the total amount of carbide also had them than this invention, the 
cutting-tool life became in the thing twist of the example of this invention, and was short. [ more ] 
Moreover, the cutting-tool life became in the thing twist of the example of this invention, and the thing 
of example No.of comparison 16 was low, although S content was 0.2%. Moreover, the thing of 
example No.of comparison 18 is Cr. And since there were few V contents than this invention, hardness 
was low and had not turned into hardness required for the tool steel between the colds. 
[0033] 

[Effect of the Invention] It does so the outstanding effectiveness that cutting can be carried out still more 
easily, in annealed condition while it can carry out cutting easily in the state of pre HADON, since the 
tool steel between the colds of this invention can set hardness of hardening annealing to about 45 to 55 
HRC and machinability is also excellent in annealing in a 400-65 0-degree C temperature requirement by 
having made it the above-mentioned configuration. 



[Translation done.] 
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